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In the title complex, {[Mn 3 (C g H40 6 ) 2 (C 9 H 5 0 6 ) 2 (C 3 H 7 NO)4- 
(H 2 0)2]-4C 3 H 7 NO}„, one Mn" ion sits on an inversion center, 
and is six-coordinated by four O atoms from four anions 
(monoanionic and dianionic) derived from benzene-1,3,5- 
tricarboxylic acid and by two dimethylformamide (DMF) 
molecules in a slightly distorted octahedral geometry. The 
other Mn 11 ion is six-coordinated by four O atoms from four 
monoanionic and dianionic ligands, one DMF molecule and 
one water molecule in a distorted octahedral geometry. The 
monoanionic and dianionic ligands bridge the Mn" ions, 
resulting in the formation of a layered structure parallel to 
(111) in which all of the carboxylate groups of the anionic 
ligands coordinate the Mn 11 ions in a monodentate manner. 
Intra- and intermolecular O— H - O hydrogen bonds are 
present in the structure. 

Related literature 

For background information on complexes based on aromatic 
polycarboxylate ligands see: Hu et al. (2011); Prajapati et al. 
(2009). 




Experimental 

Crystal data 

[Mn 3 (C 9 H40 6 ) 2 (C 9 H 5 0 6 ) 2 - 

(C 3 H 7 NO)4(H 2 0) 2 ]4C 3 H 7 NO 
M r = 1620.12 
Triclinic, PI 
a = 9.826 (2) A 
b = 13.290 (3) A 
c = 14.698 (3) A 
a = 73.22 (3)° 

Data collection 

Rigaku Saturn CCD difiractometer 
Absorption correction: multi-scan 

(CrystalClear; Rigaku/MSC, 

2004) 

T min = 0.894, r m „ = 0.925 

Refinement 

R[F 2 > 2a(F 2 )] = 0.058 

wR(F 2 ) = 0.116 

S = 1.13 

6589 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 83.32 (3)° 
y = 89.79 (3)° 
V = 1824.2 (6) A 3 
Z= 1 

Mo Ka radiation 
\i = 0.61 mm -1 
T = 293 K 

0.19 x 0.15 x 0.13 mm 



18985 measured reflections 
6589 independent reflections 
5527 reflections with / > 2a(I) 
R in . = 0.041 



478 parameters 

H-atom parameters constrained 
Ap max = 0.33 e A~ 3 
Ap mi „ = -0.33 e A~ 3 



D-H- - A 


D-H 


H-A 


D- ■ A 


D-H- - A 


08-H8-02 


0.82 


1.67 


2.448 (3) 


157 


017-H2W- ■ 016 


0.85 


1.85 


2.694 (4) 


176 


06-H6-09' 


0.82 


1.69 


2.452 (3) 


153 


03-H3-011" 


0.82 


1.69 


2.463 (3) 


157 


017-H1M/-015 1 " 


0.85 


1.92 


2.713 (4) 


155 


Symmetry codes: (i) x, y — 


+ (ii)*- 


hl,>--l,z; 


(iii) -x + 1, - 


-y + 1, -z + 1. 



Data collection: CrystalClear (Rigaku/MSC, 2004); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: publCIF (Westrip, 2010). 



The study was supported by the Science and Technology 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: PK2407). 
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Poly[[diaquabis(ti 3 -3 r 5-dicarboxybenzoato-/f 3 0 1 :0 3 :0 5 )bis(ti 3 -5-carboxy- 
benzene-1,3-dicarboxylato-/f 3 0 1 :0 3 :0 5 )tetrakis(methylformamide- 
/cO)trimanganese(ll)] dimethylformamide tetrasolvate] 

Jing-Wei Lei, Cai-Xia Xie and Huai-xia Yang 

Comment 

Aromatic polycarboxylate compounds, such as 1,3,5-benzenetricarboxylic acid and 1,2,4,5-benzenetetracarboxylic acid, 
have been proved to be effective ligands to design and synthesize open and rigid frameworks due to the versatile binding 
modes and high binding capacity of the carboxylate groups (Hu et ah, 2011; Prajapati et ah, 2009). In order to further 
explore metal-organic frameworks with new structures, we selected 1,3,5-benzenetricarboxylic acid (H 3 btc) as ligand to 
self-assembly with MnCl 2 and obtained the title complex, {[Mns^ftAMC^HsOeMDMF^XHzO^KDMFMn, of which 
the crystal structure is reported herein. As shown in Figure 1 , there are two crystallographically independent manganese 
ions (Mnl and Mn2), two crystallographically independent 1,3,5-benzenetricarboxylte groups (Hbtc and H 2 btc), two 
crystallographically independent coordination DMF molecules, one coordination H 2 0 molecule, two crystallographically 
independent uncoordination DMF molecules in an asymmetric unit. Each Mnl ion lies on an inversion center and 
displays a slightly distorted octahedral geometry defined by atoms 01, OlA, 07, 07A from four 1,3,5-benzenetricarb- 
oxylte anions in equatorial positions and by atoms 013, 013A from two DMF molecules in axial positions. The Mn2 ion 
is bound with six oxygen atoms from four 1,3,5-benzenetricarboxylte groups (04A, 05B, O10, 012C), one DMF 
molecule (014) and one H 2 0 molecule (017) leading to a distorted octahedral geometry. As depicted in Figure 2, Mnl 
and Mn2 ions are bridged by 1,3,5-benzenetricarboxylte ligands forming the two-dimensional layer structure in which all 
of the carboxylate groups of the 1,3,5-benzenetricarboxylte ligands coordinate to Mn 11 ions in monodentate mode. In 
addition, intramolecular O — H— O hydrogen bonds between the carboxyl/carboxylate groups stabilize the molecular 
configuration whereas O — H— O hydrogen bonds between coordinated water molecules and solvent DMF molecules and 
between carboxyl/carboxylate groups of adjacent molecules consolidate the crystal packing. 

Experimental 

Amixture of MnCl 2 (0.1 mmol), 1,3,5-benzenetricarboxylic acid (0.1 mmol), AyV'-dimethylformamide (2 ml) and water 
(8 ml) was placed in a 25 ml Teflon-lined stainless steel vessel and heated at 100 °C for 72 h, then cooled to room 
temperature. Pale yellow crystals were obtained from the filtrate and dried in air. 

Refinement 

H atoms bound to C atoms were positioned geometrically and refined as riding atoms, with C-H = 0.93 (aromatic, CHO) 
A and 0.96 (CH 3 ) A. H atoms bound to O atoms were found in difference maps. Hydroxyl hydrogens were included using 
a riding model with distance restraints of O-H — 0.82 A. Water hydrogens were included with O-H = 0.85 A. All H atoms 
were assigned Ui SO (H) = 1.2 U eq (C,0). 
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Computing details 

Data collection: CrystalClear (Rigaku/MSC, 2004); cell refinement: CrystalClear (Rigaku/MSC, 2004); data reduction: 
CrystalClear (Rigaku/MSC, 2004); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare 
material for publication: publCIF (Westrip, 2010). 




Figure 1 

View of the title complex showing 30% probability displacement ellipsoids. [Symmetry code A: -x + 2, -y, -z + 2; B: x, y 
+ l,z- 1; C: -jc+ 1, -y+ 1, -z + 2.] 
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Figure 2 

View of the two-dimensional structure of the title complex. Hydrogen atoms are omitted for clarity. 



""YY" 

I 



Poly[[diaquabis(j/ 3 -3,5- dicarboxybenzoato-K^O'iO^O^bis^-S- carboxybenzene-1,3-dicarboxylato- 
K 3 0 1 :0 3 :0 5 )tetrakis(methylformamide- /cO)trimanganese(ll)] dimethylformamide tetrasolvate] 



Crystal data 

[Mn3(C 9 H40 6 ) 2 (C 9 H 5 0 6 ) 2 (C3H 7 NO)4(H 2 0) 2 ]-4C3H 7 NO 

M r = 1620.12 

Triclinic, PI 

a = 9.826 (2) A 

Z>= 13.290 (3) A 

c= 14.698 (3) A 

a = 73.22 (3)° 

P= 83.32 (3)° 

7 = 89.79 (3)° 

V= 1824.2 (6) A 3 

Data collection 

Rigaku Saturn CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 28.6 pixels mm' 1 
co scans 

Absorption correction: multi-scan 

(CrystalClear; Rigaku/MSC, 2004) 
T mm = 0.894, r max = 0.925 



Z= 1 

P(000) = 841 

D x = 1.475 Mgnr 3 

Mo ATa radiation, 1 = 0.71073 A 

Cell parameters from 4578 reflections 

(9 = 2.1-27.9° 

ju = 0.61 mm 1 

T=293 K 

Prism, pale yellow 

0.19 x 0.15 x 0.13 mm 



18985 measured reflections 
6589 independent reflections 
5527 reflections with I > 2a(T) 
Rm = 0.041 

$max 25.3 , P rrrin 1-5 



A = —11^-11 
£=-15->15 
/ = -17-»17 
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Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F 1 >2o(F 1 )] = 0.058 

wR{F 2 ) = 0.116 

S = 1.13 

6589 reflections 

478 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.0375P) 2 + 1.452 IP] 

where P = {F 2 + 2F 2 )I?> 
(A/o-) max = 0.001 
Ap max = 0.33 e A~ 3 
A/) min = -0.33 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


11 *ITJ 


Mnl 


1.0000 


0.0000 


1.0000 


0.02695 (18) 


Mn2 


0.64081 (5) 


0.63958 (4) 


0.66415 (3) 


0.02946 (15) 


01 


1.0590(2) 


-0.06181 (19) 


1.14191 (14) 


0.0397 (6) 


02 


0.8883 (3) 


-0.04824(19) 


1.25050 (16) 


0.0455 (7) 


03 


1.3739(2) 


-0.35363 (17) 


1.21994(15) 


0.0367 (6) 


H3 


1.4278 


-0.3959 


1.2067 


0.044* 


04 


1.3256 (2) 


-0.48344(17) 


1.35625 (15) 


0.0347 (6) 


05 


0.8257 (2) 


-0.31041 (18) 


1.56693 (15) 


0.0368 (6) 


06 


0.9930 (2) 


-0.42307 (18) 


1.60883 (14) 


0.0366 (6) 


H6 


0.9436 


-0.4415 


1.6601 


0.044* 


07 


0.9379 (2) 


0.14743 (17) 


1.02342 (16) 


0.0399 (6) 


08 


0.7940 (3) 


0.11542 (18) 


1.15860(16) 


0.0433 (6) 


H8 


0.8405 


0.0635 


1.1760 


0.052* 


09 


0.9107 (2) 


0.49197(19) 


0.77771 (15) 


0.0404 (6) 


O10 


0.7326 (2) 


0.59048 (17) 


0.79841 (14) 


0.0352 (6) 


Oil 


0.5417(2) 


0.55479 (17) 


1.13690(15) 


0.0361 (6) 


012 


0.5501 (2) 


0.39777 (18) 


1.24445 (15) 


0.0371 (6) 


013 


0.7895 (3) 


-0.0676 (2) 


1.03997 (18) 


0.0452 (6) 


014 


0.6417 (3) 


0.8009 (2) 


0.67832 (19) 


0.0494 (7) 


015 


0.7270 (3) 


0.2236 (3) 


0.4303 (3) 


0.0780 (10) 


016 


0.5669 (4) 


0.7479 (2) 


0.3566 (2) 


0.0724 (10) 


017 


0.5163 (3) 


0.6835 (2) 


0.54908 (16) 


0.0487 (7) 


H1W 


0.4309 


0.6935 


0.5578 


0.058* 


H2W 


0.5356 


0.7017 


0.4886 


0.058* 


Nl 


0.6125 (4) 


-0.1482 (3) 


0.9988 (3) 


0.0671 (11) 


N2 


0.5441 (4) 


0.9589 (3) 


0.6541 (3) 


0.0635 (11) 
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A A "7 /I A / 1 /I \ 

0.0749 (14) 




Til -7 A 

H2 / A 


A OOAO 
0.8 /9 / 




A 
0. 


AO /I O 

084/ 




A /I t-C A 

0.4664 


A AAA* 

0.090* 




H27B 


1.0372 




0. 


1073 




0.4346 


A A A A >k 

0.090* 




H27G 


0.9533 




0. 


0435 




A 1 O A 'I 

0.3842 


A AAA* 

0.090* 




L2o 


0.6549 


(5) 


0. 


7381 


(3) 


a inn /"> \ 

0.2937 (3) 


0.0561 (11) 




TJO O 

rizo 


O.o / /z 




A 

u. 


/y lb 




AO/10 1 


O.Oo /* 




G29 


A on A 

0.8230 


(5) 


0. 


6526 


(4) 


0.2122 (4) 


A AO I A /i n\ 

0.0839 (17) 




T 11 (\ A 

H29A 


A Ol 1 1 

0.8311 




0. 


7212 




0.1666 


A 1 A1 * 

0.101* 




T-T9QR 


n oqcq 

W. / yo y 




A 
LI. 


6A9A 




0 1810 


A 1 01 * 




H29C 


0.9097 




0. 


6342 




0.2355 


0.101* 




C30 


0.6934 


(5) 


0. 


5587 


(4) 


0.3695 (4) 


0.0809 (16) 




H30A 


0.6237 




0. 


5713 




0.4161 


0.097* 




H30B 


0.7757 




0. 


5383 




0.3986 


0.097* 




H30C 


0.6625 




0. 


5034 




0.3461 


0.097* 




Atomic 


displacement parameters (A 2 ) 


















U 




U 33 




U [3 


IP 


Mnl 


0.0340 (4) 




0.0230 (4) 




A A 1 AA /O S 
0.0199 (3) 


A AAOO /OS 
0.00 /8 (3) 


A AAO C /O S 

U.0U35 (3) 


A AAO O /OS 

— U.UU28 (3) 


ivmz 


0.0318 (3) 




0.0259 (3) 




a mn /os 
U.UZ3 / (3) 


A A 1 AO /OS 
U.U1U / (Z ) 


A AA<s/1 /OS 
U.UUJ4 (Zj 


A AAA/1 /OS 
U.UUU4 \L) 


(Jl 


0.0471 (14) 




0.0431 (14) 




A A 1 O 1 / 1 1 S 

0.0181 (11) 


A A 1 /TC /10S 

0.0165 (12) 


A A A 1 /: / 1 AS 

0.U016 (10) 


A AAC A / 1 AS 

U.UU54 (1U) 


/so 
(J2 


0.0545 (16) 




0.0367 (14) 




A fll 1 A / 1 Q \ 
U.U3 1U (13) 


A AO£0 /1 OS 
U.UZOZ (1/) 


A A1 1 O /1 OS 

U.U1 Iz (Iz) 


A AACO /11S 

u.uu^y (ii) 


/^o 
(J3 


0.0433 (14) 




0.0298 (13) 




A mc< / 1 OS 
U.UzSD (Iz) 


AA101 /11S 

U.U13 1 (11) 


A A1 CO /1 1 S 

U.U138 (11) 


A AAO A /1 AS 

— U.UU34 (1U) 


/^/i 
U4 


0.0436 (14) 




0.0260 (12) 




A AOC£ /1 OS 

U.Uzoo (Iz) 


AA1/10/11S 

U.U148 (11) 


A AAOO /1 AS 

U.UU33 (1U) 


A AAOA /1 AS 

—U.UUZV (1U) 


U5 


0.0352 (13) 




0.0341 (13) 




A AO AA / 1 OS 

0.0299 (12) 


A A1 AC /1 1 S 

0.0105 (11) 


A A 1 O 1 / 1 AS 

0.U121 (10) 


A AA1 A /1 AS 

U.UU19 (10) 


(Jo 


0.0400 (14) 




0.0389 (14) 




A A 1 on /I 1 S 

0.018/ (11) 


AA10O/11S 

0.0138 (11) 


A A AO A / 1 AS 
0.U0 /9 (10) 


A AA/1 / 1 AS 

U.UUbZ (1U) 


U / 


0.0531 (15) 




0.0250 (13) 




A AO C /: / 1 O S 
U.U356 (1 j) 


AA1C/1 /11S 

0.0154 (11) 


A AA AO / 1 OS 

0.U092 (12) 


A A AC 1 / 1 AS 

— U.UU51 (10) 


/^o 
(Jo 


0.0528 (16) 




0.0280 (13) 




A /1 OS 
U.U333 (13) 


n a 1 Q£ / 1 OS 

u.uiyo (IZ) 


A AAO 1 /1 OS 

U.UU81 (Iz) 


A AA£0 /11S 

U.UUoV (11) 


(J9 


0.0427 (14) 




0.0458 (15) 




A AO 1/1 /I 1\ 

0.0214 (11) 


A A 1 OO / 1 OS 

0.018 / (Iz) 


A A1 AO /1 AS 

0.U10 / (10) 


A AAO A /11S 

0.0024 (11) 


A1A 

(J1U 


0.0445 (14) 




0.0304 (13) 




A AO OA / 1 OS 

0.U230 (12) 


AA10O /11S 

0.0138 (11) 


A AAAO / 1 AS 

— 0.00U3 (1U) 


A AAO O/I AS 

U.UU28 (1U) 


ni 1 
(Jl 1 


0.0420 (14) 




0.0272 (13) 




A AOO/I /1 OS 

U.U334 (1 3) 


A AAO£ /1 1 S 

u.uuyo (ii) 


A A1 OA / 1 1 \ 

U.UlzU (11) 


A AA£ 1/1 AS 

— U.UUol (1U) 


(Jlz 


0.0383 (13) 




0.0415 (14) 




A aoo/; /1 OS 
U.Uzzo (Iz) 


A A 1 OO /1 1 S 

U.Ulz / (11) 


A A1 A/I /1 AS 

U.U1U4 (1U) 


A AAAO /11S 

— u.uuuy (ii) 


(J13 


0.0425 (15) 




0.0472 (16) 




A A/1 OO H C\ 

0.0432 (15) 


A AAC/I /1 OS 

— 0.0U54 (12) 


A AA/1 O /1 OS 

0.U042 (12) 


A A1 OC /1 OS 

— 0.U125 (13) 


(J14 


0.0489(16) 




0.0382 (15) 




A A/T 1 A / 1 OS 
0.0610 (1 /) 


AA1/1C /10S 

0.0145 (13) 


A AAC O / 1 0 S 

—0.0058 (13) 


AA1/1/T/10S 

—0.0146 (13) 


1 c 
(Jl J 


0.059 (2) 




0.100 (3) 




A AOO /OS 

U.U83 (Z) 


A AOO /OS 

U.Uzy (2) 


A A1 £0 /1 OS 

— O.OI08 (iy) 


A AOO /OS 

— U.U3 / (Z) 


1 /; 
(Jib 


0.106 (3) 




0.063 (2) 




A A/1 0 £ /1 /;s 
U.U4ZO (lo) 


A AOAO /1 OS 

v.ulyj (iy) 


A AAO A /1 OS 

U.UU3U (1 /) 


A A1 1 0 /I CS 

— U.U113 (15) 


AH 

(Jl / 


0.0462 (15) 




0.0636 (18) 




A AO AO / 1 O S 
0.029/ (13) 


AA1A1 /10S 

0.0191 (13) 


A AA IO /11S 

—0.0018 (11) 


A AA-1C /IOS 

— U.UU45 (12) 


XT1 
JN 1 


0.048 (2) 




0.051 (2) 




A AOI /OS 

u.uy i yi ) 


Ci AAOO /1 OS 

—v.vvy 1 (18) 


A A 1 0 /OS 

—U.U IS (Z) 


A AA1 /OS 

U.UU1 (z ) 


XTO 

JNz 


0.063 (2) 




0.0298 (18) 




A AOO /OS 

U.Uyj (3) 


A AAQO /1 OS 
U.UU8 / (1 /) 


A A1 0 /OS 

U.Ulz (z) 


A A1 OO /1 OS 

— 0.U1V3 (ly) 


XTO 

JN J 


0.050 (2) 




0.059 (2) 




A a/; 1 /OS 

U.Uol (z) 


A A 1 AO /1 OS 

U.U1U3 (18) 


A A 1 OO /1 OS 

— 0.013V (18) 


A A 1 OO /1 OS 

— u.uiyy (iy) 


XT /I 

JN4 


0.050 (2) 




0.049 (2) 




a A£o /OS 

0.062 (2) 


A A 1 0 /I / 1 OS 

0.0134 (1 /) 


A A 1 A O / 1 OS 

—0.0142 (1 /) 


A AO AO /IOS 

— U.U2U2 (18) 


CI 


0.0355 (18) 




0.0255 (17) 




AAOO-1 / 1 £S 

0.0224 (16) 


AAA£1 /1-1S 

0.0061 (14) 


A A A 1-1 / 1 A S 

— 0.UU14 (14) 


A AAO A / 1 A S 

—U.UUiS) (14) 


C2 


0.0293 (17) 




0.0297(18) 




0.0245 (16) 


0.0071 (14) 


0.0000 (14) 


-0.0083 (14) 


C3 


0.0346 (18) 




0.0228 (16) 




0.0219(16) 


0.0029 (14) 


0.0041 (14) 


-0.0032 (13) 


C4 


0.0301 (16) 




0.0206 (16) 




0.0205 (15) 


0.0041 (13) 


0.0000(13) 


-0.0020(13) 


C5 


0.0311 (17) 




0.0238 (16) 




0.0178(15) 


0.0033 (13) 


0.0024 (13) 


-0.0042 (13) 


C6 


0.0261 (16) 




0.0250 (16) 




0.0213 (15) 


0.0053 (13) 


0.0038 (13) 


-0.0059(13) 
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C / 
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U.UU3 (2) 
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— U.UUD (2) 
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—U.UUD (2) 


C2U 
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U.lll (5) 
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U.Uo2 (4) 
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U.162 (6) 


n noi //t\ 
— {J.Vli (4) 


n n/:T /c\ 
— U.U6/ (D) 


n no"7 / a\ 
— U.U2 / (4) 


C21 
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U.UD / (3) 
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U.Uol (4) 
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U.114 (D) 
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— U.U11 (3) 
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U.UU6 (3) 
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U.U3U (3) 


C22 
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U.UDU (2) 
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U.UUo (2) 
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— U.UU3 (2) 


n noo /o\ 
— U.U22 (2) 


C23 


n i no /r\ 
U.IUO (D) 


n f\/ro //IN 

U.Uoj (4) 


A lOI 

U.lol ( /) 


n nno /i\ 
—U.UUo (3) 


n nn< /<^ 
—U.UUD (D) 


n ncc //1A 
— U.UDD (4) 


C24 


n 1 no /c\ 
U.1U2 (3) 


n f\£A / a\ 
U.U64 (4) 


n o 1 o /o\ 
U.21o (o) 


n n/i /i (A \ 
U.U44 (4) 


A AH /C\ 

— U.U1 / (D) 


n n/i c /c\ 
-U.U4D (D) 


C2D 


n nc"7 /o \ 
U.UD / (3) 


n nco /o \ 
U.UDO (3) 


n f\HH /OA 

U.U / / (3) 


n n 1 /: /o\ 
U.U 16 (2) 


n m/ /o \ 
— U.U36 (3) 


n no c /o ^ 
—U.uZd (3) 


C26 


0.059 (3) 


0.086 (4) 


0.082 (4) 


-0.011 (3) 


-U.011 (3) 


-0.022 (3) 


C27 


0.076 (3) 


0.065 (3) 


0.086 (4) 


0.027 (3) 


-0.018(3) 


-0.021 (3) 


C28 


0.074 (3) 


0.050 (3) 


0.041 (2) 


0.013 (2) 


-0.006 (2) 


-0.007 (2) 


C29 


0.051 (3) 


0.100 (4) 


0.116(4) 


0.006 (3) 


0.008 (3) 


-0.061 (4) 


C30 


0.092 (4) 


0.048 (3) 


0.104 (4) 


0.023 (3) 


-0.034 (3) 


-0.014(3) 



Geometric parameters (A, °) 



Mnl— Ol 1 


2.156(2) 


C3— C8 


1.496(4) 


Mnl— 01 


2.156(2) 


C4— C5 


1.388 (4) 


Mnl— 07' 


2.159(2) 


C4— C9 


1.390 (4) 


Mnl— 07 


2.159(2) 


C5— C6 


1.388 (4) 


Mnl— 013' 


2.204 (3) 


C5— H5A 


0.9300 


Mnl— 013 


2.204 (3) 


C6— C7 


1.392 (4) 


Mn2— 012" 


2.146(2) 


C7— C8 


1.389 (4) 


Mn2— 017 


2.146 (3) 


C7— H7A 


0.9300 


Mn2— 05 Ul 


2.154 (2) 


C8— C9 


1.383 (4) 


Mn2— O10 


2.191 (2) 


C9— H9A 


0.9300 


Mn2— 04' 


2.199 (2) 


C10— C13 


1.496 (4) 


Mn2— 014 


2.213 (3) 


Cll— C15 


1.509 (4) 


Ol— CI 


1.239 (3) 


C12— C17 


1.504 (4) 


02— CI 


1.274 (4) 


C13— C18 


1.383 (4) 


03— C2 


1.290 (4) 


C13— C14 


1.394 (4) 


03— H3 


0.8200 


C14— C15 


1.380 (4) 


04— C2 


1.231 (4) 


C14— H14A 


0.9300 


04— Mn2' 


2.199 (2) 


C15— C16 


1.390 (4) 


05— C3 


1.233 (4) 


C16— C17 


1.382 (4) 


05— Mn2 lv 


2.154 (2) 


C16— H16A 


0.9300 


06— C3 


1.283 (4) 


C17— C18 


1.396 (4) 


06— H6 


0.8200 


C18— H18A 


0.9300 


07— C10 


1.236 (4) 


C19— H19A 


0.9300 
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08— CIO 


1.278 (4) 


C20— H20A 


0.9600 


08— H8 


0.8200 


C20— H20B 


0.9600 


09— Cll 


1.273 (4) 


C20— H20C 


0.9600 


OlO— CI 1 


1.238 (4) 


C21— H21A 


0.9600 


Oil— C12 


1.261 (4) 


C21— H21B 


0.9600 


012— C12 


1.247 (4) 


C21— H21C 


0.9600 


012— Mn2" 


2.146 (2) 


C22— H22 


0.9300 


013— C19 


1.234 (5) 


C23— H23A 


0.9600 


014— C22 


1.210 (4) 


C23— H23B 


0.9600 


015— C25 


1.215 (5) 


C23— H23C 


0.9600 


016— C28 


1.226 (5) 


C24— H24A 


0.9600 


017— H1W 


0.8500 


C24— H24B 


0.9600 


017— H2W 


0.8500 


C24— H24C 


0.9600 


Nl— C19 


1.304 (5) 


C25— H25A 


0.9300 


Nl— C21 


1.446 (6) 


C26— H26A 


0.9600 


Nl— C20 


1.448 (6) 


C26— H26B 


0.9600 


N2— C22 


1.304 (5) 


C26— H26C 


0.9600 


N2— C23 


1.434 (6) 


C27— H27A 


0.9600 


N2— C24 


1.459 (6) 


C27— H27B 


0.9600 


N3— C25 


1.330 (5) 


C27— H27C 


0.9600 


N3— C27 


1.432 (5) 


C28— H28 


0.9300 


N3— C26 


1.448 (5) 


C29— H29A 


0.9600 


N4— C28 


1.308 (5) 


C29— H29B 


0.9600 


N4— C30 


1.438 (5) 


C29— H29C 


0.9600 


N4— C29 


1.446 (5) 


C30— H30A 


0.9600 


CI— C4 


1.496 (4) 


C30— H30B 


0.9600 


C2— C6 


1.500 (4) 


C30— H30C 


0.9600 


01'— Mnl— 01 


180.00 (5) 


08— CIO— C13 


115.1 (3) 


01'— Mnl— 07' 


93.27 (9) 


OlO— Cll— 09 


125.0 (3) 


Ol— Mnl— 07' 


86.73 (9) 


OlO— Cll— C15 


119.5 (3) 


01'— Mnl— 07 


86.73 (9) 


09— Cll— C 15 


115.5 (3) 


01— Mnl— 07 


93.27 (9) 


012— C12— Oil 


125.8(3) 


07'— Mnl— 07 


180.00(11) 


012— C12— C17 


117.5 (3) 


01'— Mnl— 013' 


94.50 (10) 


Oil— C12— C17 


116.7 (3) 


Ol— Mnl— 013' 


85.50 (10) 


C18— C13— C14 


119.3 (3) 


07'— Mnl— 013' 


92.31 (10) 


C18— C13— CIO 


120.6 (3) 


07— Mnl— 013' 


87.69 (10) 


C14— C13— CIO 


120.1 (3) 


01'— Mnl— 013 


85.50(10) 


C15— C14— C13 


120.2 (3) 


01— Mnl— 013 


94.50 (10) 


C15— C14— H14A 


119.9 


07'— Mnl— 013 


87.69(10) 


C13— C14— H14A 


119.9 


07— Mnl— 013 


92.31 (10) 


C14— C15— C16 


119.8 (3) 


013'— Mnl— 013 


180.0 


C14— CI 5— Cll 


120.4 (3) 


012''— Mn2— 017 


85.30 (9) 


C16— C15— Cll 


119.7(3) 


012''— Mn2— 05''' 


175.24 (9) 


C17— C16— C15 


120.8 (3) 


017— Mn2— 05"' 


91.68 (9) 


C17— C16— H16A 


119.6 


012"— Mn2— OlO 


84.37 (9) 


C15— C16— H16A 


119.6 


017— Mn2— OlO 


169.63 (9) 


C16— C17— C18 


118.8(3) 


05'"— Mn2— OlO 


98.57 (9) 


C16— C17— C12 


121.6(3) 
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(J 1 2 — Mn2 — <J4 


an c o /a\ 

97.58 (9) 


ah tv T„0 /"A/li 

(J 1 7 — Mnz — (J4 


i\ i r\r\ / 1 Pi\ 

91.90 (10) 


05 — Mnz — 04 


86.18 (9) 


(J 10 — Mn2 — 04 


90.35 (9) 


O 1 2 — Mn2 — (J 1 4 


90.70 (10) 


/"A 1 "7 A K O /"A 1 A 

O 1 7 — Mn2 — 0 1 4 


p, 1 piO / 1 A\ 

91.98 (10) 


O 5 111 — Mn2 — 0 1 4 


85.72 (10) 


(J 1 0 — Mnz — (J 1 4 


87.24 (1(J) 


(J4 — Mnz — (J 14 


171.11 (9) 


CI — Ol — Mnl 


134.2 (2) 


(- /~\ ") TTO 

C2 — 03 — H3 


1 A A C 

109.5 


/~io r\A * i„oi 

C2 — <J4 — Mnz 


135. J (2) 


P ") r\Z A 4-^ O iv 

C3 — U5 — MnZ 


136.4 (2J 


C3 — Ob — H6 


1 AA C 

109.5 


C 1 0 — 07 — Mn 1 


135.3 (2) 


pi n f \ (> TTO 

CIO — Oo — H8 


109.5 


pi 1 p. 1 A A /f „ 

C 1 1 — (J 1 0 — Mnz 


130.3 (2) 


C 1 2 — 0 1 2 — Mn2" 


131.1 (2) 


/ • i p, /—v i A /T 1 

C19 — 013 — Mnl 


120.7 (3) 


C22 — (J 1 4 — Mnz 


122.6 (3) 


Mnz — (J 1 7 — H 1 W 


122.8 


A K O /"A 1*1 TTiiu 

Mn2 — 0 1 7 — H2 W 


132.6 


T T 1 WT /"A 1 *1 TT^ur 

H 1 W — 0 1 7 — H2 W 


104.2 


C • 1 l\ \T 1 /~*0 1 

C19 — Nl — C21 


1 1 A O //I \ 

120.3 (4) 


C19 — Nl — C20 


123.2 (5) 


p ^ i XT1 / * O /\ 

C21 — Nl — C20 


116.5 (4) 


C22 — N2 — C23 


121.5 (4) 


C22 — Nz — C24 


121.2 (4) 


C23 — Nz — C24 


117.3 (4) 


C25 — N3 — C27 


120.5 (4) 


C25 — N3 — C26 


122.5 (4) 


PT7 XT'? PT/: 

C27 — N3 — C26 


11/: ri / \ 

116.9 (4) 


pto XT/1 nn 
C28 — N4 — C30 


iin £ /yl\ 

119.3 (4) 


pi o XT/1 /"''OA 

C28 — N4 — C29 


121.3 (4) 


PTA XT/1 /"■"") A 

C30 — N4 — C29 


119.2 (4) 


rA 1 p i p»o 

Ol — CI — <J2 


124.2 (3) 


/"A 1 p 1 p A 

Ol — Cl — C4 


119.2 (3) 


/ VO pi C • A 

02 — Cl — C4 


116.6 (3) 


t~\ A /"'O /"AO 

04 — C2 — 03 


125.1 (3) 


r\ a p -~> p /_ 

04 — C2 — Co 


1 OA 1 /T\ 

120.1 (3) 


p, -> p p / 

03 — C2 — C6 


114.8 (3) 


05 — C3 — Oo 


125.7 (3) 


/"V.C i^T /~"0 

05 — C3 — C8 


119.5 (3) 


06— C3— C8 


114.8 (3) 


C5— C4— C9 


119.4 (3) 


C5— C4— Cl 


119.6(3) 


C9— C4— Cl 


120.8 (3) 


C4— C5— C6 


120.8 (3) 


C4— C5— H5A 


119.6 



pin p 1 "7 p | 

C18 — C17 — C12 


1 1 A / /") \ 

119.6 (3) 


p i ^> p i o Z^ 1 1 T 

C13 — C18 — C17 


1 O 1 A /") \ 

121.0 (3) 


pn p 1 () TT10A 

C13 — C18 — H18A 


1 1 A C 

119.5 


p 1 -7 PIO TTIOA 

C 1 7 — C 1 8 — H 1 8 A 


1 1 A C 

119.5 


/"\ 1 O ni a XT1 

0 1 3 — C 1 9 — N 1 


1 OT O ( A\ 

12/, 2 (4) 


p, i o p 1 f\ T T 1 A A 

013 — C19 — H19A 


116.4 


XT1 p 1 l\ TT1AA 

Nl — C19 — H19A 


1 1 / H 

116.4 


XT1 p ^ l\ TTAA A 

Nl — C20 — H20A 


109.5 


XT1 P1A TTIAD 

N 1 — C20 — H2UB 


1 An c 

109.5 


TTO A A p ^ i\ TTO AT* 

H20A — C20 — H20B 


109.5 


XT1 p/-» p, T T -> AP 

Nl — C20 — H20C 


1 AA C 

109.5 


TTOA A /^T A TT1AP 

H20A — C20 — H20C 


109.5 


T IT AD P1A T T -) /\p 

H2UB — C20 — H20C 


1 AA C 

109.5 


XT1 p o 1 TTO 1 A 

Nl — C21 — H21A 


1 AA C 

109.5 


XT 1 pi 1 T TO 1 r> 

Nl — C21 — H21B 


109.5 


T TO 1 A /" 1 T TO 1 

H21A — C21 — H21B 


109.5 


XT1 P11 in 1 p 

JN 1 — C2 1 — H2 1 C 


1 AA C 

109.5 


TTO 1 A /""O 1 TTO 1 P 

H21A — C21 — H21C 


1 A A C 

109.5 


T TO 1 P O 1 T TO 1 P 

H21B — C2l — H21C 


109.5 


jTA 1 A p -") O XTO 

U14 — C22 — N2 


127.6 (4) 


/ "\ 1 a p-> O TTOO 

(J 1 4 — C22 — H22 


1 1 /T O 

116.2 


XTO /"-OO TTOO 

N2 — C22 — H22 


1 1 Z' O 

116.2 


XTO pn TTO") A 

N2 — C23 — H23A 


109.5 


XTO /"<0 O TTO") Tl 

N2 — C23 — H23B 


109.5 


H23A — C23 — H23B 


1 An c 

109.5 


N2 — C23 — H23C 


109.5 


TTO") A /"<0 ") TTO") /" ^ 

H23A — C23 — H23C 


109.5 


TTO"?T~> /^O") TTnr 1 

H23B — C23 — H23C 


1 AA C 

109.5 


XTO po A TTO A A 

N 2 — C24 — H24 A 


1 An c 

109.5 


XTO f " O /I T TO /I TO 

N2 — C24 — H24B 


109.5 


T TO A A /"<0 /I T TO A T) 

H24A — C24 — H24B 


109.5 


XTO p^» /l TTO/1/"^ 

N2 — C24 — H24C 


1 AA C 

109.5 


H24A — C24 — H24C 


1 An c 

109.5 


T TO A ^ T TO /I " 

H24B — C24 — H24C 


109.5 


/-"\ i r POC XT") 

015 — C25 — N3 


125.2 (5) 


/ \ 1 c pTf TTOC A 

(J 1 5 — C25 — H25 A 


117.4 


XT'? PTf TTOC A 

N3 — C25 — H25A 


117.4 


XT") p^/" TTO/" A 

N3 — C26 — H26A 


109.5 


XT") /" " /" TTO / 

N3 — C26 — H26B 


109.5 


tto/: a p , o /_ ttoz:t> 

H26A — C26 — H26B 


1 AA C 

109.5 


XT') /' i -") /_ TTI/Tr 1 

N 3 — C26 — H26C 


1 AA C 

109.5 


TTO/' A p / TT')/'A 

H26A — C26 — H26C 


109.5 


TTO/'IO /^ -> / TTT/"A 

H26B — C26 — H26C 


1 A A C 

109.5 


N3— C27— H27A 


109.5 


N3— C27— H27B 


109.5 


H27A— C27— H27B 


109.5 


N3— C27— H27C 


109.5 


H27A— C27— H27C 


109.5 


H27B— C27— H27C 


109.5 
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C6 — C5 — H5A 119.6 

C5— C6— C7 119.0(3) 

C5— C6— C2 121.8(3) 

C7— C6— C2 118.9(3) 

C8— C7— C6 120.7 (3) 

C8 — C7 — H7A 119.6 

C6 — C7 — H7A 119.6 

C9— C8— C7 119.5(3) 

C9— C8— C3 119.5(3) 

C7— C8— C3 120.9 (3) 

C8— C9— C4 120.6 (3) 

C8 — C9 — H9A 119.7 

C4— C9— H9A 119.7 

07— CIO— 08 125.4 (3) 

07— CIO— C13 119.5(3) 

Ol 1 — Mnl— 01— CI -5 (100) 

07'— Mnl— 01— CI -109.8 (3) 

07— Mnl— 01— CI 70.2 (3) 

013'— Mnl— 01— CI 157.6 (3) 

013— Mnl— 01— CI -22.4(3) 

01'— Mnl— 07— CIO 116.8(3) 

01— Mnl— 07— CIO -63.2 (3) 

07'— Mnl— 07— CIO 49 (100) 

013'— Mnl— 07— CIO -148.6(3) 

013— Mnl— 07— CIO 31.4(3) 
012"— Mn2— 010— Cll 117.4(3) 
017— Mn2— 010— Cll 122.5(5) 
05"'— Mn2— 010— Cll -66.3 (3) 
04'— Mn2— 0 1 0— C 11 1 9.9 (3) 

014— Mn2— 010— Cll -151.6(3) 
01'— Mnl— 013— C19 47.3 (3) 
01— Mnl— 013— C19 -132.7(3) 
07'— Mnl— 013— C19 -46.2 (3) 
07— Mnl— 013— C19 133.8 (3) 
013'— Mnl— 013— C19 76 (100) 
012"— Mn2— 014— C22 -55.8 (3) 
017— Mn2— 014— C22 29.6 (3) 
05"'— Mn2— 014— C22 121.1 (3) 
010— Mn2— 014— C22 -140.1 (3) 
04'— Mn2— 014— C22 145.4(5) 
Mnl— 01— CI— 02 -37.4 (5) 
Mnl— 01— CI— C4 142.3 (3) 
Mn2'— 04— C2— 03 -42.0 (5) 
Mn2'— 04— C2— C6 135.3 (3) 
Mn2' v — 05— C3— 06 -25.9 (6) 
Mn2' v — 05— C3— C8 154.0(2) 

01— CI— C4— C5 -2.6(5) 

02— CI— C4— C5 177.0 (3) 



016— C28— N4 127.1 (4) 

016— C28— H28 116.5 

N4— C28— H28 116.5 

N4— C29— H29A 109.5 

N4— C29— H29B 109.5 

H29A— C29— H29B 109.5 

N4— C29— H29C 109.5 

H29A— C29— H29C 109.5 

H29B— C29— H29C 109.5 

N4— C30— H30A 109.5 

N4— C30— H30B 109.5 

H30A— C30— H30B 109.5 

N4— C30— H30C 109.5 

H30A— C30— H30C 109.5 

H30B— C30— H30C 109.5 

06— C3— C8— C9 -172.0(3) 

05— C3— C8— C7 -169.0(3) 

06— C3— C8— C7 10.8 (5) 
C7— C8— C9— C4 -2.0 (5) 
C3— C8— C9— C4 -179.3 (3) 
C5— C4— C9— C8 2.2 (5) 
CI— C4— C9— C8 178.0 (3) 
Mnl— 07— CIO— 08 24.4(5) 
Mnl— 07— CIO— C13 -156.3 (2) 
Mn2— O10— Cll— 09 42.7(5) 
Mn2— O10— Cll— C15 -136.3(3) 
Mn2 u — 012— C12— Oil 45.8(5) 
Mn2"— 012— C12— C17 -135.1(2) 

07— CIO— C13— C18 -169.7 (3) 

08— CIO— C13— C18 9.7(5) 

07— CIO— CI 3— C 14 11.2(5) 

08— CIO— C13— C14 -169.4(3) 
C18— C13— C14— C15 -2.2 (5) 
CIO— C13— C14— C15 176.9 (3) 
C13— C14— C15— C16 2.3 (5) 
C13— C14— C15— Cll -173.6(3) 

010— Cll— C15— C14 158.2(3) 

09— Cll— C15— C14 -20.9(5) 

010— Cll— C15— C16 -17.7(5) 
09— Cll— C15— C16 163.2(3) 
C14— C15— C16— C17 -0.1 (5) 
Cll— C15— C16— C17 175.8(3) 
C15— C16— C17— C18 -2.2(5) 
C15— C16— C17— C12 -179.9(3) 
012— C12— C17— C16 176.9 (3) 

011— C12— C17— C16 -3.9(5) 

012— C12— C17— C18 -0.8(5) 

011— C12— C17— C18 178.4(3) 
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Ol — Cl — C4 — C9 


1 TO A /"I \ 

-1/0.4 (3) 




p 1 A PI") P 1 O nn 

L 14 — C 1 3 — C 1 0 — L 1 7 


-0.2 (5) 


p.'"} pi p pf\ 

02 — C 1 — C4 — C9 


1.2 (5) 




Pin p 1 ^ pi 0 pn 

C10 — C13 — C18 — C17 


-179.3 (3) 


C9 — C4 — C5 — Co 


-0.7 (5) 




C 1 6 — C 1 7 — C 1 8 — C 1 3 


^ 1 /c\ 

2.3 (5) 


C 1 — C4 — C5 — Co 


-176.6 (3) 




rill pn rtin 1 

C12 — C17 — C18 — C13 


1 HC\ A f)\ 

-179.9 (3) 


C • A p c P /_ P "7 

C4 — C5 — Co — C7 


A A /C\ 

-0.9 (5) 




JVLn 1 — (J 1 3 — C 1 9 — N 1 


-171.1 (3) 


P A PC i 1 /. P ^ 

C4 — C5 — Co — C2 


172.7 (3) 




C21 — NI — C19 — 013 


a a sh\ 

0.9 (7) 


r\A r^^\ t~*t: 

04 — C2 — Co — C5 


-166.0 (3) 




C20 — N 1 — C 1 9 — 0 1 3 


-177.4 (5) 


(J i — Cz — Co — C5 


1 1 A /C\ 

11.0 (5) 




IVlnz — 0 1 4 — Lzz — N z 


—171.6 (3) 


04 — C2 — Co — C7 


n 1 /c\ 

7.1 (5) 




p -> ~) \T1 P ^V"> p, 1 A 

Cz3 — Nz — Czz — (J 14 


A O ZO\ 

-0.8 (8) 


r\\ Cl C(\ Cl 
\JJ V^Z V^O 1 


— 1 7^ ZL ("U 




CIA XT? P99 01zl 


1 7Q 8 C\\ 
1 / y.o \J ) 


C5— C6— C7— C8 


1.1 (5) 




C27— N3— C25— 015 


-2.2 (7) 


C2— C6— C7— C8 


-172.8(3) 




C26— N3— C25— 015 


179.2 (4) 


C6— C7— C8— C9 


0.4 (5) 




C30— N4— C28— 016 


-1.1(7) 


C6— C7— C8— C3 


177.6(3) 




C29— N4— C28— 016 


-179.9 (4) 


c\c r~"2 r^Q r^o 

uj — — to — 


8.2 (5) 








Symmetry codes: (1) -x+2, -y, -z+2; (11) 


-x+\, -y+\, -z+2; (iii) x,y+l, 


z-l; (iv)x,y-l,z+l. 




Hydrogen-bond geometry (A, °) 










D—R-A 




D — H 


R-A D-A 


D—U-A 


08— H8-02 




0.82 


1.67 2.448 (3) 


157 


017— H2ff-016 




0.85 


1.85 2.694 (4) 


176 


06— H6-09 iv 




0.82 


1.69 2.452 (3) 


153 


03— H3-011 v 




0.82 


1.69 2.463 (3) 


157 


017— Hlff-015 vi 




0.85 


1.92 2.713 (4) 


155 



Symmetry codes: (i\)x,y-\,z+\; (\)x+l,y-\,z; (vi) -x+l, -y+1, -z+1. 
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